Abstract: NHC-Pd(II) complexes bearing a chiral oxazoline ligand (IIIa-f ) were synthesized by cleavage of dimeric palladium complexes with the oxazoline ligand. They were fully characterized by 1 H and 13 C NMR and elemental analyses. The catalytic activity of the complexes (IIIa-f ) in allylic alkylation reactions was evaluated. The complex
Introduction
N-Heterocyclic carbenes (NHCs) have emerged as important ligands for transition metals in organometallic catalysis. In contrast to phosphine complexes, their tight binding to the metal and high temperature, air, and moisture stability have led to the popularity of these compounds as ligands. The steric and electronic properties of these ligands can be modified by altering the substituents at the nitrogen atoms and heterocycle. Therefore, they can be used as ancillary ligands for the preparation of various complexes. 1−6 Although palladium NHC observed as sharp singlets between 9.49 and 10.78 ppm. 13 C NMR of these salts showed the C-carbons at 140.4-143.2 ppm. These salts are air-and moisture-stable solids.
The synthesis of dinuclear and monomeric NHC-Pd complexes was carried out according to the literature.
28,29
The dinuclear NHC-Pd(II) complexes (IIa-f ) were air-stable orange solids slightly soluble in halogenated solvents (Scheme). Dinuclear palladium complexes (IIa-f ) and chiral oxazoline were reacted in dichloromethane to give mixed-NHC-oxazoline complexes of Pd(II) (IIIa-f ) as air-stable yellow solids soluble in halogenated solvents. NMR analyses of the complexes revealed that nitrogen atoms of the chiral oxazoline ligand are coordinated to the palladium center. 13 C NMR spectra of the complexes (IIIa-f ) indicated a C carbene resonance between δ 167.1 and 167.3 ppm. The C=N signal in the oxazoline ring was observed between 163.6 and 165.6 ppm.
Scheme. (i) RX, KOH, toluene, EtOH or BuOH; (ii) ArCH 2 Br, toluene, reflux; (iii) Pd(OAc) 2 , NaBr, DMSO, 90
Allylic alkylation reactions with NHC-Pd(II) complexes (IIIa-f )
NHC-Pd(II) complexes IIIa-f were screened as catalysts for the allylic alkylation reaction of (E) -1,3-diphenyl-3-en-yl acetate using diethyl malonate as a nucleophile. The catalytic experiments were carried out using 2.5% mmol palladium complexes IIIa-f as catalysts in the presence of Cs 2 CO 3 in THF at 50
• C. The results are summarized in the Figure. The complex IIIa was found to be the most active catalyst (Figure) . The activities of these complexes decreased in the order: IIIa > IIIb > IIIc > IIId > IIIe > IIIf. A comparison of IIIb, IIIe and IIId, IIIf showed that the methyl groups on the benzimidazole ring decrease the catalytic activity. The low reaction rate in the complexes with the methylated groups could be explained by the strong α -donating effect of the NHC ligand, which disfavors the nucleophilic addition step. These observations are consistent with previous work by Flahaut et al. 20 Although the complexes IIIa-f are chiral, very low enantioselectivity was observed (ee's up to 3%). This result indicates that the chiral oxazoline ligand leaves the metal center early in the catalytic cycle. 35, 36 Moreover, the development of chiral ligands disconnected to the NHC ligand does not appear to be promising for chiral induction in the allylic alkylation. In conclusion, NHC-Pd(II) complexes bearing chiral oxazoline substituents (IIIa-f ) were synthesized, characterized, and used for the allylic alkylation reaction of (E) -1,3-diphenyl-3-en-yl acetate. The complex IIIa is the most active catalyst. Catalytic activity decreased in the sequence:
The results indicated that electron donating groups on the benzene ring of the NHC core or benzyl substituent decrease the catalytic activity. Unfortunately, no enantioselectivity could be observed. This behavior seems to be related to the departure of the oxazoline ligand from the metal center early in the catalytic cycle. Although we failed to achieve asymmetric induction, the yields of the alkylated reaction products are comparable or even higher than those reported for alternative procedures.
19,20

Experimental
All manipulations were performed in air unless stated otherwise. All solvents were used as received. 2,4,6-Trimethylbenzyl bromide, 2,3,5,6-tetramethylbenzyl bromide, and 2,3,4,5,6-pentamethylbenzyl bromide were synthesized according to methods previously described. 30 1-Substituted-(5,6-dimethyl)benzimidazoles and benzimidazolium salts (Ia-Id) were prepared according to a slightly modified procedure from the literature.
31−34
All reagents were purchased from Merck, Fluka, Alfa Aesar, and Acros Organics. Melting points were recorded with a Gallenkamp electrothermal melting point apparatus. FTIR spectra were recorded on a PerkinElmer
Spectrum 100 series spectometer. 1 H NMR and 13 C NMR spectra were recorded with a Varian AS 400 Mercury instrument. Chemical shifts (δ) are given in ppm and coupling constants (J) in Hz. Optical rotations were taken on a Rudolph Research Analytical Autopol I automatic polarimeter with a wavelength of 589 nm. The concentration 'c' has units of g/100 mL. Elemental analyses were performed on a PerkinElmer PE 2400 elemental analyzer. Quantitative analyses were performed by gas chromatography (Thermo-Finnigan on an HP-5 capillary column and equipped with a FID detector) at Ege University Faculty of Science. 
Synthesis of dimeric NHC-Pd(II) complexes (IIa-f )
A mixture of salt (Ia-f ) (1.2 mmol), Pd(OAc) 2 (1.2 mmol), and NaBr (3.6 mmol) in DMSO was stirred at 90
• C for 24 h. The solvent was removed by vacuum distillation. The resulting residue was suspended in CH 2 Cl 2 and then H 2 O was added and the organic phase dried over Na 2 SO 4 . Concentration of the organic phase and the addition of Et 2 O afforded complexes IIa-f as an orange solid.
Synthesis of mixed NHC-oxazoline Pd(II) complexes (IIIa-f )
A mixture of dinuclear complex (IIa-f ) (0.17 mmol) and (4 R) -4-ethyl-2-phenyl-4,5-dihydro-1,3-oxazole was suspended in CH 2 Cl 2 (5 mL) and stirred at room temperature for 3 h. After removal of the solvent, complexes IIIa-f were obtained as yellow solids, which were washed with Et 2 O and dried. 
